Patients whose immune responses are depressed by disease, by cytotoxic drugs, or by radiotherapy are notoriously susceptible to unusual types of infection by viruses, especially those of the herpes group. We report an encephalitis which occurred four months after an attack of measles in a child with acute lymphoblastic leukaemia (ALL), under treatment and in remission.
Clinical history
Birth was premature at 30 weeks' gestation (birthweight 1 6 kg) and was followed by severe jaundice requiring exchange transfusion. Early progress was slightly retarded, but later mental and physical development was considered normal. The child was said to have had measles, German measles, and chicken-pox during infancy but had been otherwise well. She had received triple vaccine immunization.
In June 1973, at the age of 45 months she was admitted to the RAF Hospital, Wroughton for investigation of a painful ankle. Peripheral blood and bone marrow examination resulted in the diagnosis of ALL. She was transferred to the Princess Margaret Hospital, Swindon where she was entered on the UKALL 1I Trial. She received standard induction therapy with a single transfusion of stored blood and went smoothly into remission. Details of her subsequent treatment and course are shown in figure 1. It will be seen that treatment was interruped on several occasions, either because of severe depression of haematological values or because of Received for publication 17 March 1976 various intercurrent infections. In November 1973.
at the time of a measles epidemic, she developed a fever, typical rash, conjuctivitis, and vomiting and was diagnosed by one of us (LFJ) as having measles. The mother's statement that she had had measles in infancy lacked confirmation. The rash subsided normally.
The final course of methotrexate in early April 1974 was well tolerated, but three days later the child became drowsy, mentally confused, and unsteady with intermittent headaches. On admission to hospital there were no focal neurological signs and no evidence of meningeal irritation. The fundi were normal. The cerebrospinal fluid (CSF) was under normal pressure and contained no cells; protein and glucose contents were normal. Haematological values returned swiftly to normal with cessation of therapy, and the bone marrow showed complete remission. Electrolytes, urea, sugar, and liver function tests were normal. Candida was grown from a throat swab, and Escherichia coli from the urine, but blood culture was negative.
She became more drowsy and withdrawn and was eventually unresponsive to verbal or visual stimuli. An electroencephalogram was reported as showing generalized abnormalities with some focal discharges on the right side. She developed generalized and focal epileptic seizures, which persisted despite anticonvulsant therapy and dexamethasone. CSF examination again showed no abnormality. The child became unconscious, showed signs of a chest infection, and died aged 55 months, two weeks after the onset of the cerebral disorder. 865 contained intranuclear eosinophilic inclusion bodies. These were often multiple and were sometimes accompanied by similar inclusions in the cytoplasm (figs 4 and 5). Intranuclear inclusions were also seen in small glial cells (fig 6) . Small areas of microglial proliferation were present in other parts of the brainstem and in the thalamus, hypothalamus, and globus pallidus. Intranuclear inclusion bodies, without local inflammatory changes, were seen in the thalamus, globus pallidus, medial temporal cortex, and hippocampus and were very numerous in the visual cortex on the right side; a few were seen in Purkinje cells in the cerebellar cortex. No lesions of any kind were seen in samples of cerebral cortex and white matter from the convexities (including sites where tissue had been taken at necropsy for virological study) and there were no signs of perivenous myelin destruction. Staining with human or guinea-pig serum containing measles antibody produced moderate numbers of fluorescent cells in the amygdaloid nucleus, the globus pallidus, and the substantia nigra. et al (1973) . The procedures used in the present case were checked by application to sections of formalin-fixed brain from three well-diagnosed cases of SSPE in which they produced characteristic fluorescence of antigen in glial cells and neurones. Because good fluorescence was observed with human and with guinea-pig antibody, and the staining by human antibody was abolished after absorption with measles-infected cells, there is no doubt that the cells in this brain contained antigen indistinguishable from that of measles virus.
Discussion
When a child in haematological remission presents with neurological disturbances, the possible causes include (1) recurrence of leukaemia in the brain, cord or meninges; (2) the damaging effects of chemotherapy and/or radiotherapy (Kay et al, 1972; Hendin et al, 1974; Rubinstein et al, 1975; Price and Jamieson, 1975; Weiss et al, 1974) ; (3) haemorrhages due to leukaemia or thrombocytopenia (Pitner and Johnson, 1973) ; and (4) infection to which these patients are abnormally susceptible (Levine et al, 1972; Simone et al, 1972) . In the present case we found no signs of recurrent leukaemia, of radionecrosis, of toxic encephalopathy, or of intracranial haemorrhage, but there was clear evidence of an atypical infection of the brain.
Simone et al (1972) analysed the cause of death in 26 children with ALL, dying during a complete remission. In 24 of the 26 death was thought to be due to infection, 14 being viral infections, and five of these with evidence of encephalitis. More recently, Breitfeld et al (1973) reported two children with ALL in remission who contracted measles, followed after intervals of five and four months by a progressive disorder, fatal in two months or less. The first child had shown signs of encephalopathy with lethargy, weakness, hyporeflexia, fits, and coma. Necropsy showed giant-celled pneumonia, hepatitis, and nephritis, all attributable (on electron microscopic evidence) to measles. Inclusion bodies containing typical microtubules were present in neurons and glial cells. Measles antibody titre (complement fixation) was 1:8. In the second child there was a very similar encephalopathy; inclusion bodies, with microtubules, were present in all parts of the brain and there was cuffing of vessels by lymphocytes and plasma cells. The measles antibody titre was 1:512. There was no sign of recurrent leukaemia in either case. Sluga et al (1975) described a similar case, developing measles during remission and two months later a progressive encephalopathy, fatal in two weeks. This was attributed to cerebral leukaemia and was treated by irradiation. At necropsy no leukaemic deposits were found, but there was a giant-celled pneumonia, and abundant inclusion bodies were seen in cerebral neurons and neuroglia. Mitus et al (1959) noted poor immune response in four treated leukaemic children who developed a giant-cell pneumonitis (fatal in two cases) following a typical measles rash, and observed an abnormal persistence of the virus in the nasopharynx for three to four weeks after the rash. There are also reports (for example, Meadow et al, 1969; Lyon, 1972) of measles infections taking an atypical and deadly course in patients who have undergone immunosuppression for diseases other than leukaemia.
Measles is known to affect the nervous system in several different ways. The first is so-called 'measles encephalitis', an acute feverish illness with onset usually about five days after the rash. In non-fatal cases the disease does not progress and does not recur (Miller et al, 1956; Scott, 1967) . The lesions in cases of this type are those of a perivenous encephalomyelitis (PVEM). They are widely distributed, principally in white matter, and consist in long perivenous sleeves of myelin destruction with spreading inflammatory infiltration around the affected vessels. Nerve cells are not directly affected. The histological picture is indistinguishable from that seen in encephalitis following vaccinia and other virus infections. It is also the picture seen in the experimental 'allergic' encephalitis produced by injection of brain tissue or of an extract of myelin proteins. Because of this histological similarity, and because of repeated failures to isolate virus from affected brains, it is generally thought that acute measles encephalitis is an auto-immune, cellmediated disorder and not the direct effect of measles virus in the brain.
A second complication of measles and of other viral infections, seen mainly in infants and young children, is an acute, often fatal, encephalopathy with onset a few days after the primary disease. The brain is diffusely swollen and there are widespread hypoxic (or hypoglycaemic) changes in nerve cells, but there is no perivenous myelin destruction or inflammatory infiltration. The liver is commonly found to be enlarged and fatty (the term 'Reye's syndrome' is applied to such cases) and there is often a profound hypoglycaemia attributable to liver failure. An acute 'toxic' encephalopathy of this type (rather than PVEM) is the usual cerebral complication of measles and other infections in infants (Miller et al, 1956; Scott, 1967; Hammon and Ho, 1973) . The role of the virus in this condition, as in post-measles PVEM, remains obscure (Linnemann et al, 1975 (1972) .
In the present case, PVEM and acute 'toxic" encephalopathy are ruled out by the time course, the clinical picture, and the pathological findings. Histologically, it resembles SSPE in the matter of inclusion bodies but differs in the fact that the white matter, and most of the cortex, appear intact, the major lesions being found in the midbrain, basal ganglia, medial temporal, and occipital cortex. Both clinically and pathologically it closely resembles the cases of Breitfeld et al (1973) and of Sluga et al (1975) . Breitfeld et al firmly diagnosed SSPE in their cases; they admit that the time course was unusually rapid but attribute this acceleration to the effects of leukaemia, or of treatment, or both. While we agree that the disease in such cases resembles SSPE, we feel that it is improper to apply that name because the disease was not subacute but acute; it was not panencephalitis because the white matter was unaffected and there was no sclerosis. The term 'measles inclusion-body encephalitis', though cumbersome, is more appropriate for what appears to be a new manifestation of measles infection peculiar to immunosuppressed patients.
As to the general problem of diagnosis in cases of cerebral disorder during a remission in ALL, there is no simple procedure for distinguishing between meningeal leukaemia, the effects of therapy, haemorrhage, and infection. The symptoms and neurological signs of all four are variable and overlapping.
As antileukaemic therapy prolongs the life of patients more atypical virus infections will occur, and in any episode of cerebral disorder virological as well as haematological tests should be done, though in some cases the diagnosis may be revealed only by a comprehensive postmortem examination.
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